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Abstract 

We here generalize our previous construction [hep-th/0409019] of non-supersymmetric p- 
branes delocalized in one transverse spatial direction to two transverse spatial directions in 
supergravities in arbitrary dimensions (d). These solutions are characterized by five parameters. 
We show how these solutions in d = 10 interpolate between D(p +2)-anti-D(p +2) brane system, 
non-BPS D(p + l)-branes (delocalized in one direction) and BPS Dp-branes by adjusting and 
scaling the parameters in suitable ways. This picture is very similar to the descent relations 
obtained by Sen in the open string effective description of non-BPS D(p-|-l)-brane and BPS Dp- 
brane as the respective tachyonic kink and vortex solutions on the D(p -|- 2)-anti-D(p -|- 2) brane 
system (with some differences). We compare this process with the T-duality transformation 
which also has the effect of increasing (or decreasing) the dimensionality of the branes by one. 
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1 Introduction 


In [1] we constructed delocalized, non-supersymmetric p-brane solutions of maximal su¬ 
pergravities in arbitrary dimensions (d). In d = 10, these solutions in type IIA (IIB) 
theory (for p = even (odd)) were interpreted as interpolating solutions between non-BPS 
D(p-|- l)-branes and a codimension one BPS Dp-branes when the transverse delocalized 
direction was spatial. To certain extent, this picture of supergravity captures how the 
tachyonic kink solution on the non-BPS D(p-|- l)-brane [2] from the open string effective 
description emerges. The picture holds even for the temporally delocalized Euclidean 
p-brane solutions which was obtained from the spatially delocalized solution by a Wick 
rotation [3, 4, 1]. The emergence of this picture similar to the open string tachyon con¬ 
densation might seem surprising as there is no explicit appearance of the tachyon held 
in the supergravity description. We, however, take it seriously and by going a step fur¬ 
ther construct the non-supersymmetric p-brane solutions delocalized in two transverse 
spatial directions in this paper. One of the main motivations for this construction was 
to see how we can understand the descent relations obtained by Sen [5, 2] in the open 
string effective description of BPS and non-BPS D-branes as tachyonic soliton solutions 
on brane-antibrane pair of higher dimension from the supergravity point of view. In 
fact, we will show how these solutions can be regarded as interpolating solutions between 
D(p -|- 2)-D(p -|- 2) brane systems, non-BPS D(p -|- l)-branes (delocalized in one spatial 
transverse direction) and localized BPS Dp-branes, similar to the descent relations of Sen 
for the tachyonic kink (vortex) solutions on the D-D-brane systems [2]. We will also study 
the T-duality properties of these solutions. 

The descent relation D(p-|-2)-D(p-|-2) ^ non-BPS D(p-|-1) —BPS Dp obtained in the 
course of hnding the tachyonic kink solution on the previous system involves branes on the 
two sides whose dimensionalities differ by two. In the absence of explicit tachyon held, the 
most natural way to see this picture emerging in the supergravity solution is to consider 
non-supersymmetric p-branes delocalized in two transverse spatial directions. This is what 
we study in this paper. For the case of BPS Dp-branes the delocalized solutions [6, 7] 
are obtained by hrst periodically placing an inhnite array of branes along the transverse 
directions (it can be done in steps when more than one directions are to be delocalized) 
and then taking the continuum limit^. This procedure assumes the ‘no-force’ condition 
among the BPS branes. However, for the non-supersymmetric branes, since they interact 
with each other it is not clear how this procedure will work. In [1], we obtained the 

•^Usually this produces isometries along the transverse directions of the brane and then the application 
of T-duality along those directions gives the localized higher dimensional branes. 
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delocalized, non-supersymmetric p-branes by explicitly solving the equations of motion 
with an appropriate metric ansatz. This gives entirely new solutions whose relation with 
the localized non-supersymmetric p-branes is not at all obvious unlike the BPS case. 

In this paper we generalize the delocalized solutions from one transverse spatial direc¬ 
tion to two transverse directions. The generalization is non-trivial and one needs to solve 
the equations of motion again to obtain these solutions. We hrst write the solutions in 
d-dimensions which are characterized by hve independent parameters. We show in d = 10 
that the solutions can be made localized {p + 2)-branes in two ways when the parame¬ 
ters satisfy certain conditions. In the first case, when there is no T-duality involved, the 
resulting solutions can be interpreted as D(p -|- 2)-D(p -|- 2) with zero net charge and in 
the second case when we apply T-duality (studied in section 4) twice along the delocal¬ 
ized directions the resulting solutions can be interpreted as charged D(p -|- 2)-D(p -|- 2) 
solutions. While in the first case the solutions will be characterized by two parameters, 
in the second case they will be characterized by three parameters. Next we will show 
that when the parameters satisfy some other conditions, we can convert these solutions 
to delocalized {p+ l)-branes (note that unlike in the previous case we can not make them 
completely localized) again in two ways. When no T-duality is involved the solutions can 
be interpreted as non-BPS D(p -|- l)-branes (delocalized in one direction) characterized 
by three parameters and when we take T-duality in one of the delocalized transverse 
directions, the solutions can be interpreted as charged D(p-|- 1)-D(p-|- 1) (delocalized in 
one direction) solutions characterized by four parameters^. Note that in the latter case 
since we take T-duality once the theory changes from type IIA (IIB) to IIB (HA). Finally, 
we show that by appropriately scaling the parameters we can convert the solutions to 
localized BPS Dp-branes. So, when no T-duality is involved we interpret our solutions as 
interpolating solutions between D(p -|- 2)-D(p -|- 2) brane system (with net charge zero), 
non-BPS D(p -|- l)-branes (delocalized in one direction) and BPS Dp-branes very similar 
to the descent relations advocated by Sen [2] in the open string effective description of 
non-BPS D(p-|- l)-brane and BPS Dp-brane as the respective tachyonic kink and vortex 
solutions on the D(p -|- 2)-anti-D(p -|- 2) brane system. 

As we mentioned the process in obtaining the non-BPS D-brane (BPS D-brane) as 
the tachyonic kink (and vortex) solutions on the brane-antibrane systems has some simi¬ 
larities with the T-duality transformation. For example, for BPS D-branes, the following 
transition, D(p -|- 2) —D(p -|- 1) —> Dp can be obtained by T-duality along the brane 

■^We do not exactly study this case as mentioned in footnote 8. Instead we apply T-duality once to the 
non-susy p-brane solutions delocalized in one transverse direction [1] and obtain charged D(p-|- 1)-D(p-|-1) 
brane system which is fully localized (see section 4). 


3 



directions at each step. However, the crucial difference is that while for T-duality the 
theory changes from type IIA (IIB) to IIB (IIA) at each step, the above process does not 
change the theory. We will perform T-duality on the delocalized solutions in a separate 
section for comparison. 

This paper is organized as follows. In section 2, we write down the non-supersymmetric 
p-brane solutions delocalized in two transverse spatial directions in arbitrary dimensions. 
In section 3, we show how in d = 10, these solutions nicely interpolate between D(p-|- 2)- 
D(p-|-2) brane system, non-BPS D(p-|-l)-branes (delocalized in one transverse direction) 
and the localized BPS Dp-branes similar to the descent relation of Sen. In section 4, 
we study the T-duality transformation of the delocalized solutions for comparison. Our 
conclusion is presented in section 5. 

2 The delocalized solutions 

In this section we give the non-supersymmetric p-brane solutions delocalized in two trans¬ 
verse spatial directions of maximal super gravities in arbitrary space-time dimensions d. 
This is a generalization of the delocalized solutions given in [1] from one transverse di¬ 
rection to two. The generalization is non-trivial and to obtain them one has to solve the 
equations of motion following from the effective action with an appropriate metric ansatz. 
The d-dimensional supergravity action we consider has the form, 

S = I R - (2’1) 

where with p, z/ = 0,1,..., d — 1, is the metric and g = det(p^,^), R is the scalar 
curvature, 0 is the dilaton, F[g] is the held strength of a (g — 1) = (d — p — 3)-form gauge 
held and a is the dilaton coupling. The action (2.1) represents the bosonic sector of the 
low energy ehective action of string/M theory dimensionally reduced to d-dimensions. 
Now in order to obtain the delocalized solutions in two transverse directions, we have to 
solve the equations of motion from (2.1) with the following ansatz for the metric and the 
g-form held strength, 

ds^ = {dr'^ + R e2B(r) ^ dx^ + -|- dXp_^_2 

^ Ao1(Hc;_p_4) a dXp-\.\ A dXp-|_2 (^•2) 

In the above r = {Xp_^_^ -!-■■• + dr2^_p_4 is the line element of a unit {d — p — 4)- 

dimensional sphere, Vol(r 2 rf_p_ 4 ) is its volume-form and b is the magnetic charge param¬ 
eter. The solutions (2.2) represent magnetically charged p-brane solutions delocalized in 
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transverse Xp+i and Xp +2 directions. The equations of motion will be solved with the 
following gauge condition, 


(p + l)B{r) + (g — 3)74(r) + C{r) + D{r) = In G'(r) 


(2.3) 


Note that as G{r) 1, the above condition reduces to the extremality or the super- 
symmetry condition [8]. As mentioned in [9], the consistency of the equations of motion 
dictates that the non-extremality function G{r) can take three different forms and we will 
need only one of them for our purpose which is, 


G'(r) = 1 - 


p2{q—3) 


= 1 + 


OJ' 


q-3' 


U' 


q-3' 




-3 




-3 


= H{r)H{r) 


(2.4) 


By solving the equations of motion following from (2.1) with the ansatz (2.2) we obtain, 

p + 1 


A{r) 

G{r) 

D{r) 

B{r) 


q - 1 
p + 1 
q - 1 
p + 1 
q - 1 
a{d — 2) 


B{r) — In 


'^ 2+'^3 

H \ 9-3 


H 


+ \n{HH 


q-3 


B{r) + 62 In 
B{r) + 63 In 


g- 1 
2 

- — lnF(r 
X 


B{r) + (5i In 


H 

H 

H 

'h 

H 

H 


(2.5) 


where y = 2(p + 1) + — 2 )/(g — 1) and the function F(r) is dehned as 


F{r) = cosh^ 6 ~ sinh^ 6 


E. 

H. 


( 2 . 6 ) 


In eqs.(2.4), (2.5), cu, 5i, ^2, S 3 are real integration constants and in (2.6), 9, a, f3 are some 
real parameters. However, not all of them are independent. The parameter relations are 
given in the following. 


a — (3 = aSi 

1 2 2 a{a - a 6 i){d - 2) 2 S 2 S 3 ^ ~ 

2 ' X(g-l) g-3 ^ 2 3^g-3 


b = 


4(d-2) 

^ (g- i)x 


(g-3)o;«-^(a + /3)sinh20 


(2.7) 

( 2 . 8 ) 

(2.9) 


So, from (2.7), we can determine (3 in terms of a and (5i. Also, from (2.8), we can 
determine a in terms of 5i, 62 and ^3. Eq.(2.9) gives a relation between the charge 
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parameter b with the other parameters. So, the solution (2.5), (2.6) contains only hve 
independent parameters, namely, u, 9, (5i, S 2 and S 3 . Writing explicitly the non-susy 
p-brane solutions delocalized in two transverse directions in d space-time dimensions, we 
have. 


ds‘^ 


e 


24 , 


4(p+l) ^ 2 



-dt^ + dxl 


i=l 


4(P+1) 


4a(d-2) 
P (9-l)x 



H\ 252 

— I 


4(p+l) 
+ _P(9-1)X 


H\ 

^ j ^•^p +2 


F[g] = b Vo\{Qd-p-i) A dXp+i A dXp +2 


( 2 . 10 ) 


These are magnetically charged, non-supersymmetric, delocalized p-brane solutions and 
the corresponding electrically charged solutions can be obtained by replacing 
0 — > —0, F —>■ 6““*^ * F. We note from the form of H{r) given in (2.4) that the solutions 
above have potential singularities at r = cn and for avoiding this complication, we limit 
our discussion to the well-dehned region of r > cn. Also, as r ^ 00 , H, H, F ^ 1 and 
so the solutions are asymptotically flat. We like to point out that if we send H, H ^ 1, 
such that the function F{r) reduces to the usual harmonic function of a BPS p-brane 
then the above solutions indeed reduce to the BPS p-branes delocalized in two transverse 
directions. The delocalized BPS p-brane solutions can be made localized by the usual 
procedure of replacing the extended source by a delta function source [10]. However, this 
procedure does not work for the delocalized non-supersymmetric brane solutions given in 
(2.10). In the following sections, we will see how a fully localized {p + 2)-brane solutions, 
a delocalized (p -|- l)-brane solutions as well as a fully localized p-brane solutions can 
be obtained from the delocalized solutions (2.10) with or without the application of T- 
duality. In this process we will interpret the above solutions as the interpolating solutions 
between D(p -|- 2)-D(p -|- 2)-brane systems, non-BPS D(p -|- l)-branes delocalized in one 
transverse direction and BPS Dp-branes in d = 10. 


3 Delocalized solutions as interpolating solutions 

In this section we will show how the solutions given in (2.10) can be regarded as inter¬ 
polating solutions between D(p -|- 2)-D(p -|- 2)-brane systems, non-BPS D(p -|- l)-brane 
delocalized in one direction and BPS Dp-branes similar to the descent relation advocated 
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by Sen. For this purpose we restrict our solutions in li = 10 and rewrite (2.10) as follows, 


= 





25i 

F “ , F[8_p] = b Vol(n6-p) A dxp+i A dxp +2 (3.1) 


where F{r) is as given in (2.6) with H = H = 1 — ^ a = (p —3)/2 

for Dp-branes and a = (3 — p)/2 for NSNS branes. The parameter relations (2.7) - (2.9) 
take the forms, 


a 

1 

2 

h 


/3 = a 6 i 
(5^ T —q;(q; — ck5i) T 

= (5 


25oh 


2^3 


5 — p 

p)u^~^{a + (3) sinh26* 




p 


p 


(3.2) 

(3.3) 

(3.4) 


Using (3.2) and (3.3) we can express the parameters a, (3 in terms of three unknown 
parameters (5i, 82 and 5^ as. 


a 


± 


± 


(1 - - Si - 

(^1 - 4 - Si - 


28283 \ 
6 -P/ 

28283 \ 

6-pJ 


6 — p 

5 — p 


6 — p 

5 — p 


(p+l)(7-p) ^ 

16 ^ 2 


(p+l)(7-p) 2 a^i 

—w—'*‘“1“ 


(3.5) 


So, the solutions (3.1) are dependent on hve parameters uj, 9, (5i, 82 and 53. Since the 
solutions here are non-supersymmetric, the parameters are presumably be related to the 
mass, charge, the tachyon vev (T) and the vev of its derivatives along the delocalized 
directions Xp+i, Xp +2 he. (i9iT) and {d 2 T) of the brane systems. However, the exact 
relationships between them are not clear to us. Now from (3.5) we hnd that the parameters 
(5i, 82 , 83 must satisfy the following bounds. 


<5,^ + + 


2808 


203 


< 1 


P 


|5i| < 4, 


2(6-p) 


\ (5 -p)(p + l)(7-p)\ 


1 -8^- 5? - 


2828 ^ 


2 C 3 


6 -P, 


(3.6) 


Once we know the form of the metric given in (3.1), we can compute the energy-momentum 
(e-m) tensor associated with the brane from the linearized form of the Einstein equation 
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given by, 


(3.7) 


V" (k. - = - 24 T^J'-^-’‘>(r) 

where we have expanded the metric around asymptotically flat space as gfj,iy = and 

used the harmonic gauge dxh^ — \d^h = 0 with h = Also in (3.7) 2k,1 = IGttGio, 

Gio, being the ten dimensional Newton’s constant. So, from the metric in (3.1) and (3.7) 
we obtain the various components of e-m tensor as. 


Too 

Tij 


Tp+i,p+i 


T 


P+2,p+2 


T 

-L YY 




{a + j3) cosh 29 + {a — j3) 


4(^2 + S 3 ) 


2k? 


0 




(a + P) cosh 29 + {a — P) — 


5 — p 
4(^2 + S 3 


5 — p 




Q 


^{5-p)uj^-P 


2kq 


4^2(6 - p ) + 453 
5 — p 

453(6 - p ) + 4^2 
5 — p 


(3.8) 


In the above i,j = I,.. . ,p and m, n = p + 3,. .., 9. = 27r*^'^+^^/^/r((n + l)/2) is the 

volume of the n-dimensional unit sphere. Too in (3-8) is the mass per unit brane volume. 
Since it has the dimensionality of the mass per unit {p + 2)-dimensional brane volume, 
we And that the energy is spread also along the delocalized directions Xp+i and Xp +2 
as expected®. The brane is spread along Xp+i and Xp +2 can also be noted from the non¬ 
vanishing components of e-m tensor Tp+i p+i and Tp+ 2 ,p+ 2 - T^n = 0 implies that the brane 
is localized along 0 :^+ 3 ,... ,Xd-i directions and they are the true transverse directions. 

Now let us look at the metrics in (3.1). They represent the metrics for non-supersymmetric 
p-branes delocalized in two directions Xp+i, Xpj ^2 which are the isometric directions. For 
the similar case of BPS solutions they are usually made fully localized along the trans¬ 
verse directions by T-dualities in both Xp+i and Xp ^2 directions. Here we will see that the 
solutions in (3.1) can be made fully localized (p-|-2)-branes both with and without making 
T-duality transformations along Xp+i and Xp +2 directions. We will consider T-duality in 
the next section. However, in this section no T-duality will be employed. We note from 
the metrics in (3.1) that they can be made localized (p-|-2)-branes if the coefficient of the 

^Note that the e-m tensors obtained from boundary CFT or from string field theory as given in 
eq.(3.51) of ref.[ll] differ from those given above in the sense that the former involves a source function 
f{x) for Too and Tij whereas for us they are constant. It will be interesting to find supergravity solutions 
which will produce such functional dependence on the components of the e-m tensor. 
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term + YTi=i dxf) match with both and dx^j ^2 terms. This is possible only if 


0 = 6 = 0 

6 ; = 63 = (3.9) 


Since we have 6 = 0, the solution is chargeless and in that case we see from (2.6) that the 
function F{r) simplifes to F(r) = . The form of the e-m tensor in this case can be 

obtained from (3.8) as, 


^00 

Tij 


T 

-L rr 




2 k^ 


0 


2a(7-p) 

5 — p 
^2a{7-p) 
5 — p 


Jtj 


(3.10) 


where i,j = 1, 2,..., (p + 2) and m,n = p + 3,..., 9. This is exactly what we expect of 
localized (p + 2)-branes. The solutions (3.1) in this case take the form 


ds^ = {HH)—v 


P+1 _ I “la 

pj\ +-«+— 


.H 

' pj\ —aa+25i 

.h) 

and the parameters a and 61 now satisfy 


2 + r‘^dnl_pj + 


{dr"^ 




P+2 

-de ' ^'^-2 




2=1 


= 


+[8-p] = 0 


(3.11) 


6 ? — aadi + 2(q;^ — 1)- - = 0 (3.12) 

5 — p 

We identify the above solutions as D(p + 2)-D(p + 2)-brane systems with zero net charge 
[12, 13, 9]. It should be remarked here that since T'[ 8 -p] = 0, (3.11) can also represent 
non-BPS D(p + 2)-branes [14] in the T-dual theory of the theory we start with in (2.1). 
With respect to our theory with a R-R ( 8 —p)-form held strength, our above conhguration 
should represent the chargeless D(p + 2)-D(p + 2) brane system. We also remark that 
this localization is possible from the delocalized solutions (3.1) without taking T-duality 
because of the presence of the extra parameters in the solutions. Since these extra param¬ 
eters are not present in BPS solutions, localization in that case is possible only through 
T-duality. 

Next we will try to make the p-brane solutions in (3.1) to {p + l)-brane solutions by 
equating the coefficients of the term {—dF + Ya=i dxj) and dx^j^^. We hnd that this is 
possible if we put 


6 = 0 = 0 

62 = -|, 63 = arbitrary 


(3.13) 
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Using (3.13) we find that the e-m tensors in (3.8) take the forms, 


Too 

Tij 


Tp+2,p+2 


T 

-L rr 






0 


.^(s-py^- 


2q;(6 — p) — 4^3 
5 — p 

2 a{6 — p) — 4(^3 
5 — p 

2 a — 453(6 — p) 
5 — p 


Jij 


(3,14) 


where now i, j = 1,..., p+1. It is clear from (3.14) that when the parameters are restricted 
as (3.13), we get (p + l)-brane solutions delocalized in a;p+ 2 -direction. The solutions (3.1) 
then take the forms. 


ds^ = (HH)^ ( ^ 


P+1 I <^ — 250 


(dr'^ + r'^dQ, 


2 

6—p 




dr^ 

U,Xp _^2 


e2</, = 


H\-- 
H 


-E^a+2Si 


f|8-p] = 0 


(3.15) 


and the parameters are related as. 


1 c-o Ip ^ X ado / CK^ 

-5i + -aia - ado) - ^ = h - _ - ^3 


6 — p 

5 — p 


(3.16) 


It can be easily checked that (3.15), (3.16) represent non-BPS D(p+l)-branes delocalized 
in Xp +2 direction as obtained in ref.[l]. One may think that these solutions can be made 
localized if Tp+ 2 ,p +2 = 0 or in other words if 


a = 253(6 -p) 


(3.17) 


However, from the form of the metric in (3.15) it is clear that even in this case we do 
not get a localized non-BPS D(p -|- l)-brane solutions. We get misled because the e-m 
tensors encode only the linear properties of the metric and not the full metric. In fact it is 
easy to see that when (3.17) is satished the factor in both the terms {dr'^ +r‘^dill_p) 
and dx^j ^2 match, but there is an additional (i7i7)^d5-p) factor in front of the hrst term 
which does not contribute to the linear term or the e-m tensor, but forbids the metric to 
take a localized non-BPS D(p -|- l)-brane form. Furthermore, we point out that even if 
we ignore the non-linear part of {HH) factor, the metrics in (3.1) can not be regarded 
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as localized non-BPS D(p+ 1) branes because the parameter relation (3.16) differs from 
that of a localized non-BPS brane solutions [9]. 

Now we will see how the delocalized solutions in (3.1) reduce to BPS p-branes. The 
necessary condition for this to happen is that the e-m tensor in (3.8) must satisfy Too = 
—Tjj, for i = 1,... ,p and T^m = 0 for m = p -|- 1,..., 9. From (3.8) we hnd that this 
condition implies that either 52 ,5^ 0, or, 0, 6^ —> cx) such that cosh.29 = 

hnite. Examining the metric in (3.1) carefully, we hnd that we have the correct BPS 
limits if we scale the parameters as 

(a +/5) sinh 20 — e~^ (3.18) 

where e —0 is a dimensionless parameter. Also from (3.4), (2.6) we hnd that under the 
above scaling 6 —(5 — p)uj^~P, F ^ H = 1 + and H, H ^ 1. Now since (5’s 

are bounded given by (3.6), it can be easily checked that the conhgurations (3.1) reduce 
to 

( P 

—dP + dx‘^ 

i=l 

= #■“, F[s-p] = bVo\{ile_p) A dxp+i A dXp+2 (3.19) 

This is the BPS Dp-brane solutions delocalized in Xp+i and Xp +2 directions. The compo¬ 
nents of e-m tensor in (3.8) take the forms, Tqo = —Ta = ^^^(5 — p)u)^~P for i = 1,... ,p 
and Tp+i^p+i = 0, Tp+ 2 ,p +2 = 0, Tmm = 0. Although the BPS conhguration we get in 
(3.19) is delocalized, this delocalization is trivial as opposed to the delocalized solutions 
we got for non-BPS D(p-|- l)-branes in (3.15). This is because we can localize the above 
solutions by replacing the membrane-like source along Xp+i, Xp +2 by a point source or 
delta function source without any cost of energy (true for BPS branes). In calculating 
the e-m tensor we replace the Poisson’s equation of the harmonic function H{r) as [10] 

= -ne_p{5 - p)u^-P5^^-P\r) =A = -fi8-p(7 - p)u'^-P5^^-P\r) (3.20) 

The harmonic function now takes the form H{r) = 1 + uj'^~P/r'^~P, where r includes Xp+i 
and Xpj^ 2 - The components of e-m tensors will be given as Tqo = —Ta = ^^^(7 — p)o)'^~P, 
for, i = 1,... ,p and Tmm = 0, for, m = p -|- 1,..., 9 and the conhguration (3.19) will 
reduce to the localized BPS Dp-brane solutions. 

This therefore shows how the non-supersymmetric p-brane solutions delocalized in two 
transverse spatial directions eq.(3.1) can be interpreted as the interpolating solutions be¬ 
tween D(p-|- 2)-D(p-|- 2) systems (eqs.(3.11,3.12)), non-BPS D(p-|- l)-branes delocalized 
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in one direction (eqs.(3.15,3.16)) and localized BPS Dp-branes (eq.(3.19)). This picture 
is very similar to the descent relations obtained by Sen for the tachyonic kink and vortex 
solutions on the brane-antibrane systems [2]. However, there are some differences, par¬ 
ticularly, for the intermediate state i.e. the non-BPS D(p-|- l)-branes starting from the 
brane-antibrane systems. For the case of Sen’s descent relation the non-BPS D(p -|- 1)- 
brane obtained as a kink solution interpolating tachyon vacua is a localized one, whereas, 
we obtain the non-BPS D(p -|- l)-branes delocalized in one direction which, unlike the 
BPS branes, we do not know how to localize. 


4 The delocalized solutions and T-duality 


In this section we will study the T-duality properties of the delocalized solutions given in 
section 2. Since the solutions obtained in section 2, have the interpretation of interpolating 
solutions of brane conhgurations whose dimensionalities differ by one, similar to the T- 
duality transformations, we study this property for comparison of the results obtained 
in section 3. But before we study the T-duality of the non-supersymmetric p-brane 
solutions delocalized in two transverse directions, we study the T-duality for the solutions 
delocalized in one transverse direction obtained in ref. [1]. 

Let us write down here the non-supersymmetric p-brane solutions delocalized in one 
transverse spatial direction in d = 10, 


= 


e 


2 <j> 


_ P+1 


(M)ift ( I 


2(52 

(dr^ 


-I- r‘^dVt 


7-p 


+ F- 


_7-p 


-dt^ -I- dx^ 


2=1 


P- 


P-3 

2 



+F 


P+1 


252 

h) 


dr^ 


Fis-p] = b Vol(f27_p) A dxp+i 


(4.1) 


where the function F{r) is as given in (2.6). One can localize the above solutions along 
Xp+i direction without taking T-duality when the parameters satisfy certain condition. 
The resulting solution can be identihed with non-BPS D(p-|- l)-brane which is chargeless 
and was studied in ref. [1]. Here we will localize the above solutions by applying T-duality 
along Xp+i-direction. For that purpose we hrst write the metric in (4.1) in the string 
frame as. 


dsl,. 


= 

= F^HH)^ 


,_2£2_. 
6—p 


£i 

2 


[dr"^ + r‘^dVt^^_^ 


12 



+F- 


H\- 

'h 


( P \ . / TJ\ 

-dP + + F 

i=l 


H 


dr'^ 


(4.2) 


After making a T-duality transformation [10, 15, 16] the (p+ l,p+ 1) component of the 
string frame metric in the dual theory will be given as, 

(4.3) 


rstr. 


5^p+l,p+l 


= F-2 


H 


The rest of the metric components remain unaltered. The dilaton in the dual theory takes 
the form 


r) J 2 —p / H \ 2 

g20 _ _ 


We now rewrite the dual frame metric from the string frame to the Einstein frame as, 

ds"^ = 


^-2&2 


(4.4) 


= F'^{HH)—p 

H\-+- 


rr _2l2.i£2 _|_£l 
H\ 6-P+ 2 + 8 


(dP + 




+F 


6—p 


H 


p \ 

dP + ^ dx^ I + F 

i=l 


7(5i 3^2 

6-p 8 2 

H 


dr^ 

UXp_|_i 


(4.5) 


Note that in the above the dual frame metric has the same form as in (4.2) with the 
(p + l,p + 1) component as given in (4.3)®. We observe that (4.5) can indeed be made 
localized (p + l)-brane if we put^ 

di = -2^2 (4.6) 


The complete solutions then take the forms. 


ds^ 

e2^ 


* (dr^ + r^dfl^.p) + F’V 

5(5i 

2-p /H\~ 

\~ h ) • “ 5Vol(fi7-,) 




(4.7) 


®From the magnetic charge as given in (4.7), this conhguration appears to represent the charged 
D(p + 1)-D(p + 1) brane system. However, from the following localization process, we see that this 
configuration contains more than the above system. Examining the metric in (4.5) and our experience in 
the brane bound state, we conclude that the above configuration actually represents the charged D(p+1)- 
D(p + 1) system with non-BPS Dp brane uniformly distributed along Xp+i direction. In other words, 
the above configuration represents a bound state of charged (D(p + l),D(p + 1)) system and non-BPS 
Dp branes. The following localization process removes the delocalized non-BPS Dp brane along the Xp+i 
direction. 

^We remark that all the d’s here need not be negative as otherwise stated in our previous paper [1]. 
We noticed this after that paper was published and this, however, does not change any of the conclusions 
of the paper. 
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The parameters are related as, 


(4.8) 

(4.9) 

(4.10) 


a — (3 = a 5 i 

b = {6 — p) {a + sinh 26 

lj2 ^i^~P Q:{q: — aSi) 7 — p 

2 ^^^6-p^ 2 “ Q-p 

So, there are only three independent parameters characterizing the solutions namely, 5i, 
oj and 6 . We point out the unlike the localization obtained in ref. [1], the localization 
obtained here by T-duality give charged {p + l)-brane solutions. Also if the original 
delocalized p-brane solutions belong to type IIA (IIB) theory, then the localized solutions 
(4.7) obtained by T-duality belong to type IIB (IIA) theory. We identify the solutions 
(4.7) in the dual theory as the charged D(p-|- 1)-D(p-|- 1) brane systems [9]. Let us recall 
that the chargeless solutions obtained in [1] without T-duality were identihed as non-BPS 
D(p -|- l)-branes. Comparing the solutions (4.7) with the non-supersymmetric, charged 
{p+ l)-brane solutions obtained in eq.(2.30) of ref. [9] in d = 10, we hnd that they match 
exactly if we identify. 


F 

6 

a 


F 


(l)“ 


7 — p 

6 — p 




CK -|- 


<^1 

Q — p 


(4.11) 


where we have denoted the function F and the parameters in the solutions of ref. [9] 
with a ‘hat’ to avoid any confusion. We can easily check that the parameter relation 
(4.10) indeed match with the relation (2.26) of ref. [9] in d = 10 under the above iden- 
tihcations. We have thus shown that starting from the delocalized (in one transverse 
direction) non-supersymmetric Dp-brane solutions we can obtain a localized, charged 
D(p-|- 1)-D(p-|- l)-brane systems provided the parameters in the original solutions satisfy 
eqs.(4.6). Conversely, one can also start from charged D(p-|- 1)-D(p-|- l)-brane systems 
and applying T-duality along Xp+i-direction, obtain the delocalized non-supersymmetric 
Dp-branes given in ref.[1] if the parameters are identihed as in (4.11) and satisfy (4.6). 

Having described the T-duality properties of the non-supersymmetric Dp branes de¬ 
localized in one transverse direction, we proceed to study the T-duality of the delocalized 
solutions in two transverse directions given in (3.1). In the previous section we saw how 
the delocalized solutions can be made localized without taking T-duality and the result¬ 
ing solutions were identihed as D(p -|- 2)-D(p -|- 2)-brane systems with zero net charge. 
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However, we know that the same theory also contains D{p + 2)-D(p + 2)-brane solutions 
with non-zero RR charges. In this section we will show that the solutions (3.1) can also 
be localized by taking T-duality twice along the delocalized directions Xp+i and Xp +2 and 
this procedure will produce the charged D(p -|- 2)-D(p -|- 2)-brane systems that we just 
mentioned. In order to apply T-duality let us rewrite the solutions (3.1) in the string 
frame as, 






2 (< 52 +< 53 ) I Si 
5-p ^ 2 


+F 2 


H\- 

n) 


{dr"^ + 

dt^ + ^ -h F^ 

i=l 


2 

6—p 


■51 

H\- 


H 


dXp^i F'^ 


H\^ 
H 


+2(53 


(!)■ 


F[8-p] = 6Vol(fi6-p) A dXp+i A dXp+2 


dr^ 
n-^p+2 


(4.12) 


Applying T-duality® [10, 15, 16] along Xp +2 and Xp+i, we obtain the (p -|- 2,p -|- 2) and 
(p -|- 1, p -|- 1) components of the string frame metric in the dual theory as. 


-str. 


9p-\-2,p-\-2 ^ ^ ^ H 


9 pTi,p+i = ^ 


1 


-^-2S2 


:;str. 


(4.13) 


The rest of the metric components remain the same. The dilaton in the dual theory takes 
the form, 

A)' 

.HJ 




S1—2S2—2S3 


(4.14) 


Now we rewrite the T-dual solutions in the same theory with the metric in the Einstein 
frame using (4.12) - (4.14) as®. 


ds^ = e ^/^dSgtr. 

® Although we do not explicitly write the configuration by taking T-duality once along aip+i in (4.12), 
but, it can be easily shown that applying T-duality in that case will lead to charged D(p -|- 1)-D(p + 1) 
brane system delocalized in Xp +2 direction and characterized by four parameters. 

®By the same token as given in the footnote 6, the following configuration actually represents a rather 
complicated bound state of charged (D(p -|- 2), D(p + 2)) system, non-BPS D(p -|- l)i, non-BPS D(p -|- 1)2 
and chargeless (Dp, Dp) system where the subscripts ‘1’ and ‘2’ refer to the non-BPS D(p -|- 1) branes 
with one of their directions being along Xp+i and Xp -^.2 respectively. The following localization process 
removes all the branes but the the charged D(p -|- 2)-D(p -|- 2) brane system. 
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(4.15) 


Thus we note from above that the metric can be localized if the coefficients of {—dF + 
Yfi=i dxj), dXpj^^ and dXp ^2 match and this happens if the parameters satisfy, 


(5i = -252 = -253 


(4.16) 


So, the localized solutions have only three independent parameters, namely, cn, 6 and 5i. 
The solutions then take the forms. 


e20 


25i 5]^ 

{dr^ + + F-^ (|) 

-1 / 

1 ^[6-p] = bVoliQ,.,) 
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-dt^ + Y dXi 

i=l 
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where the parameters satisfy the relations. 


a — P = a5i 

b = (p — {a + P) sinh.29 

1 .2 1 / r \ df 

— 5 i T — Oi(oi — 053) T — - -r 

2 ^ 2 ^ 4(5-p) 


= 1 - 


5f \ Q — p 


2 / 5 
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(4.18) 


We identify the above solutions as the charged D(p + 2)-D(p + 2)-brane [9] systems. 
Recall that the localized solutions obtained in section 3 without taking T-duality were 
chargeless and the corresponding solutions were identified as chargeless D(p + 2)-D(p + 2)- 
brane systems. Unlike the case of solutions with one delocalized direction, the localized 
solutions obtained here with or without T-duality belong to the same theory i.e. either 
to type IIA (or IIB) theory because we have taken T-duality twice. Indeed comparing 
the non-supersymmetric, localized charged D(p -|- 2)-D(p -|- 2)-brane solutions given in 
eq.(2.30) of ref.[9] in d = 10, we hnd that they match with (4.15) provided. 
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25-1 
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a = 

where we have denoted the quantities in the solutions (2.30) of ref. [9] with a ‘hat’. We 
can easily check that the parameter relation given by the last equation of (4.18) goes 
over to the parameter relation (2.26) of ref. [9] in d = 10 under the above identihcation. 
This concludes our discussion on T-duality. The main difference between the localization 
obtained without T-duality and with T-duality is that in the former case the solutions 
are chargeless whereas, for the latter case the solutions are charged. 

5 Conclusion 

To summarize, we have obtained in this paper the non-supersymmetric p-brane solutions 
delocalized in two transverse spatial directions which arise as solutions of d-dimensional 
supergravity containing a metric, a dilaton and a (d—p—3)-form gauge field. The solutions 
are characterized by hve parameters. By adjusting and scaling the parameters we have 
shown how these solutions in d = 10 can be interpreted as interpolating solutions between 
D(p-|-2)-D(p-|-2)-brane systems, non-BPS D(p-|- l)-branes (delocalized in one direction) 
and localized BPS Dp-branes. This picture is very similar to the descent relations proposed 
by Sen for the tachyonic kink and vortex solutions on the brane-antibrane system. For 
the case of descent relations all the brane conhgurations are localized i.e. as the tachyon 
condenses, the energy of the system can be shown to get localized to a codimension one 
brane at each step. So, starting from a brane-antibrane system of dimensionality (p-|- 2), 
one hrst gets a localized non-BPS brane of dimensionality (p + 1) and then gets a localized 
BPS brane of dimensionality p. However, in our case we do not get a localized non-BPS 
D(p -|- l)-brane in the intermediate step. The reason is that for the non-supersymmetric 
branes we do not know the relation between the localized solution and the delocalized 
solution unlike the case of BPS branes. The interpretation of the delocalized solutions as 
the interpolating solutions and their similarity with the tachyonic solitons obtained by Sen 
suggests that the dynamics of tachyon condensation is perhaps related to the movements 
in the parameter space associated with the solutions. However, to make this statement 
more concrete it is necessary to give a microscopic string interpretation of the solutions 
found in this paper and relate the parameters with the physical parameters of the brane 
system. For the case of localized solutions one such possible interpretation was given in 
ref. [12, 14] and it will be interesting to hnd similar relations for the delocalized solutions 


2(7-p) 

(5-p) 

2(5i 
cx 


Si 


5 — V 


(4.19) 
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of this paper as well. 

Since in interpreting the delocalized solutions as interpolating solutions we have not 
used T-duality which also has the effect of localizing and changing the dimensionality of 
the brane solutions by one, we have studied this aspect in a separate section for com¬ 
parison. We have studied the T-duality of the solutions delocalized in both one and two 
transverse directions. For the former case T-duality produces a localized D(p-|-1)-D(p-|-1) 
brane system which is charged and changes the theory from type IIA (IIB) to IIB (HA). 
For the latter case T-duality produces D(p -|- 2)-D(p -|- 2)-brane system which is charged 
as opposed to the chargeless solution one gets without T-duality. But in both cases (with 
or without T-duality) the solutions belong to the same theory. 
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